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(54) X-RAY INSPECTION DEVICE

(57) Provided is a highly reliable X-ray inspection de-
vice having two line sensors, in which accurate inspection
results can be obtained even when there is displacement
of the mounting position of the line sensors. The X-ray
inspection device (10) is provided with a conveyor unit
for conveying an article, an X-ray emitter (13), a first line
sensor (14), a second line sensor (15), a detection unit
(22ca), and a corrected-image generation unit (22d). The
X-ray emitter emits X-rays to the article conveyed by the
conveyor unit. The first line sensor detects, in a low en-

ergy band, X-rays that have passed through the article.
The second line sensor detects, in a high energy band,
X-rays that have passed through the article. The detec-
tion unit detects positional displacement of the second
line sensor with respect to the first line sensor in horizon-
tal direction and vertical direction. The corrected-image
generation unit generates, based on the detection result
of the detection unit, a corrected second X-ray image by
correcting a second X-ray image of the article obtained
based on the detection results of the second line sensor.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an X-ray in-
spection device, and more particularly an X-ray inspec-
tion device having two line sensors.

BACKGROUND ART

[0002] There are known, in the art, X-ray inspection
devices that are provided with two line sensors and that
acquire an X-ray image of an individual energy band with
each line sensor, and perform various inspections using
a difference image of two X-ray images acquired (e.g.
Patent Literature 1 (Japanese Patent Application Laid-
open No. 2012-078254)).
[0003] In such X-ray inspection devices, mounting po-
sitions of the two line sensors are designed so that a
suitable difference image is obtained from X-ray images
acquired by the two line sensors. In other words, mount-
ing positions of the two line sensors are designed so as
to be capable of accurately associating two X-ray images
in order to perform difference processing between pixels
based on the detection results of X-rays that have passed
through the same position of an inspection object in the
two X-ray images acquired from the detection results of
the two line sensors.

SUMMARY OF THE INVENTION

<Technical Problem>

[0004] However, mounting of the line sensors requires
high precision, and therefore, the actual mounting posi-
tion of the line sensors may be displaced from the de-
signed predetermined position. In such a case, direct us-
age of the two acquired X-ray images does not allow an
accurate differential image to be obtained, and the in-
spection precision of the X-ray inspection device is re-
duced.
[0005] One possible measure to prevent such a prob-
lem involves strictly managing the assembly process of
the X-ray inspection device. Nevertheless, although the
occurrence of displacement of the mounting position of
the line sensors can be minimized as long as the assem-
bly process is strictly controlled, increment of the number
of man-hours for assembly process or the like is incurred
because of the request for strict control of the assembly
process.
[0006] An object of the present invention is to provide
a highly reliable X-ray inspection device having two line
sensors, in which accurate inspection results can be ob-
tained even when there is displacement of the mounting
position of the line sensors.

<Solution to Problem>

[0007] An X-ray inspection device according to a first
aspect of the present invention is provided with a con-
veying means, an X-ray source, a first line sensor, a sec-
ond line sensor, a detection unit, and a corrected-image
generation unit. The conveying means is configured to
convey an article. The X-ray source is configured to emit
X-rays to the article, which is conveyed by the conveying
means. The first line sensor is configured to detect X-
rays that have passed through the article in a first energy
band. The second line sensor is configured to detect X-
rays that have passed through the article in a second
energy band which is different from the first energy band.
The detection unit is configured to detect positional dis-
placement of the second line sensor with respect to the
first line sensor in at least one direction of horizontal di-
rection and vertical direction. The corrected-image gen-
eration unit is configured to generate, based on the de-
tection result of the detection unit, a corrected second X-
ray image by correcting a second X-ray image of the ar-
ticle obtained based on the detection results of the sec-
ond line sensor.
[0008] In the X-ray inspection device according to the
first aspect, positional displacement of the second line
sensor with respect to the first line sensor in the horizontal
and/or vertical direction is detected, and the second X-
ray image obtained from the detection results of the sec-
ond line sensor is corrected based on the displacement.
For this reason, accurate inspection results can be ob-
tained even when displacement is occurred in the mount-
ing position of the line sensors. In other words, a highly
reliable X-ray inspection device being capable of obtain-
ing accurate inspection results is realized regardless of
displacement of the mounting position of the second line
sensor with respect to the first line sensor.
[0009] An X-ray inspection device according to a sec-
ond aspect of the present invention is the X-ray inspection
device according to the first aspect, wherein the second
line sensor is arranged below the first line sensor. The
second energy band is higher than the first energy band
in energy.
[0010] In the X-ray inspection device according to the
second aspect, because the first line sensor is arranged
above the second line sensor, articles (obstacles)
through which the X-rays from the X-ray source pass
before reaching the first line sensor is fewer than articles
through which the X-rays from the X-ray source pass
before reaching the second line sensor. For this reason,
the first X-ray image is clearer than the second X-ray
image. Here, because the first X-ray image, which is
clearer than the second X-ray image, is used as a refer-
ence, positional displacement of the second line sensor
with respect to the first line sensor can be readily and
accurately obtained.
[0011] An X-ray inspection device according to a third
aspect of the present invention is the X-ray inspection
device according to the first or second aspect, wherein
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the detection unit is configured to detect positional dis-
placement of the second line sensor with respect to the
first line sensor in advance based on the detection results
of the X-rays by the first line sensor and the second line
sensor, the X-rays having been emitted from the X-ray
source to a sample having a known shape, which is con-
veyed by the conveying means, and having passed
through the sample.
[0012] In the X-ray inspection device according to the
third aspect, the positional displacement of the second
line sensor with respect to the first line sensor can be
more accurately detected using an X-ray image of a sam-
ple having a known shape.
[0013] An X-ray inspection device according to a fourth
aspect of the present invention is the X-ray inspection
device according to any of the first to third aspects,
wherein the detection unit is configured to detect the hor-
izontal-direction tilt of the second line sensor with respect
to the first line sensor. The corrected-image generation
unit is configured to generate the corrected second X-
ray image by rotating the second X-ray image.
[0014] According to the aspect described above, the
corrected second X-ray image can be generated by cor-
recting the second X-ray image with image processing
and accurate inspection results thereby can be obtained,
even when horizontal-direction tilt (rotational displace-
ment of the position in the horizontal direction) of the
second line sensor with respect to the first line sensor is
occurred.
[0015] An X-ray inspection device according to a fifth
aspect of the present invention is the X-ray inspection
device according to any of the first to third aspects,
wherein the detection unit is configured to detect dis-
placement of the second line sensor with respect to the
first line sensor to an upstream side or a downstream
side in the conveying direction of the conveying means.
The corrected-image generation unit is configured to
generate the corrected second X-ray image by moving
the second X-ray image in a direction that corresponds
to the upstream side or the downstream side in the con-
veying direction.
[0016] According to the aspect described above, the
corrected second X-ray image can be generated by cor-
recting the second X-ray image with image processing
and accurate inspection results thereby can be obtained,
even when displacement of the second line sensor with
respect to the first line sensor is occurred to the upstream
side or downstream side in the conveying direction.
[0017] An X-ray inspection device according to a sixth
aspect of the present invention is the X-ray inspection
device according to any of the first to third aspects,
wherein the detection unit is configured to detect dis-
placement of the second line sensor with respect to the
first line sensor in a direction orthogonal to the conveying
direction of the conveying means as viewed from above.
The corrected-image generation unit is configured to
generate the corrected second X-ray image by moving
the second X-ray image in a direction that corresponds

to the direction orthogonal to the conveying direction.
[0018] According to the aspect described above, the
corrected second X-ray image can be generated by cor-
recting the second X-ray image with image processing
and accurate inspection results thereby can be obtained,
even when displacement of the second line sensor with
respect to the first line sensor is occurred in the lateral
direction perpendicular to the conveying direction.
[0019] An X-ray inspection device according to a sev-
enth aspect of the present invention is the X-ray inspec-
tion device according to any of the first to third aspects,
wherein the detection is configured to detect the vertical-
direction tilt of the second line sensor with respect to the
first line sensor. The corrected-image generation unit is
configured to generate the corrected second X-ray image
by enlarging the second X-ray image at one end side and
reducing the second X-ray image at the other end side
in a direction that corresponds to the tilt direction of the
second line sensor.
[0020] According to the aspect described above, the
corrected second X-ray image can be generated by cor-
recting the second X-ray image with image processing
and accurate inspection results thereby can be obtained,
even when the second line sensor is tilted with respect
to the first line sensor in the vertical direction.
[0021] An X-ray inspection device according to an
eighth aspect of the present invention is the X-ray inspec-
tion device according to any of the first to third aspects,
wherein the detection unit is configured to detect the ver-
tical-direction tilt of the second line sensor with respect
to the first line sensor. The corrected-image generation
unit is configured to generate the corrected second X-
ray image by enlarging or reducing the second X-ray im-
age in a direction that corresponds to the tilt direction of
the second line sensor.
[0022] According to the aspect described above, the
corrected second X-ray image can be generated by cor-
recting the second X-ray image with image processing
and accurate inspection results thereby can be obtained,
even when the second line sensor is tilted with respect
to the first line sensor in the vertical direction.
[0023] An X-ray inspection device according to a ninth
aspect of the present invention is the X-ray inspection
device according to any of the first to third aspects,
wherein the detection unit is configured to detect vertical-
direction displacement of the second line sensor with re-
spect to the first line sensor. The corrected-image gen-
eration unit is configured to generate the corrected sec-
ond X-ray image by enlarging or reducing the second X-
ray image.
[0024] According to the aspect described above, the
corrected second X-ray image can be generated by cor-
recting the second X-ray image with image processing
and accurate inspection results thereby can be obtained,
even when the second line sensor is displaced in the
vertical direction with respect to the first line sensor.

3 4 
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<Advantageous Effects of Invention>

[0025] In the X-ray inspection device according to the
present invention, positional displacement of the second
line sensor with respect to the first line sensor in the hor-
izontal and/or vertical direction is detected, and the sec-
ond X-ray image obtained from the detection results of
the second line sensor is corrected based on the dis-
placement. For this reason, accurate inspection results
can be obtained even when displacement is occurred in
the mounting position of the line sensors. In other words,
a highly reliable X-ray inspection device being capable
of obtaining accurate inspection results is realized re-
gardless of displacement of the mounting position of the
second line sensor with respect to the first line sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a schematic view of an inspection system
including an X-ray inspection device according to an
embodiment of the present invention;
FIG. 2 is a perspective view of the external appear-
ance of the X-ray inspection device of FIG. 1;
FIG. 3 is a simplified schematic view of the interior
of a shield box of the X-ray inspection device of FIG.
2;
FIG. 4 is an example of a graph showing the amount
of transmitted X-rays detected by the two line sen-
sors provided to the X-ray inspection device of FIG.
2;
FIG. 5 is a block diagram of the X-ray inspection
device of FIG. 2;
FIG. 6 is an example of a sample used when posi-
tional displacement of the second line sensor with
respect to the first line sensor is to be detected;
FIG. 7 is an example of a drawing depicting super-
imposingly the first image and second image created
for the sample of FIG. 6, and shows the first and
second images obtained when the second line sen-
sor is displaced in the vertical direction with respect
to the first line sensor;
FIG. 8 is an example of a drawing depicting super-
imposingly the first image and second image created
for the sample of FIG. 6, and shows the first and
second images obtained when the second line sen-
sor is tilted in the horizontal direction with respect to
the first line sensor;
FIG. 9 is an example of a drawing depicting super-
imposingly the first image and second image created
for the sample of FIG. 6, and shows the first and
second images obtained when the second line sen-
sor is displaced in the conveying direction with re-
spect to the first line sensor;
FIG. 10 is an example of a drawing depicting super-
imposingly the first image and second image created
for the sample of FIG. 6, and shows the first and

second images obtained when the second line sen-
sor is displaced in the direction orthogonal to the
conveying direction with respect to the first line sen-
sor;
FIG. 11 is an example of a drawing depicting super-
imposingly the first image and second image created
for the sample of FIG. 6, and shows the first and
second images obtained when the second line sen-
sor is tilted in the vertical direction along the convey-
ing direction with respect to the first line sensor;
FIG. 12 is an example of a drawing depicting super-
imposingly the first image and second image created
for the sample of FIG. 6, and shows the first and
second images obtained when the second line sen-
sor is tilted in the vertical direction along the direction
orthogonal to the conveying direction with respect to
the first line sensor;
FIG. 13A is a drawing illustrating the displacement
direction of the second line sensor with respect to
the first line sensor, and is a view of the first and
second line sensors as viewed from the side, the
arrow D in the drawing indicating the conveying di-
rection of the conveyor unit;
FIG. 13B is a drawing illustrating the displacement
direction of the second line sensor with respect to
the first line sensor, and is a view of the first and
second line sensors as viewed from the downstream
side in the conveying direction;
FIG. 13C is a drawing illustrating the displacement
direction of the second line sensor with respect to
the first line sensor, and is a view of the first and
second line sensors as viewed from above, the arrow
D in the drawing indicating the conveying direction
of the conveyor unit; and
FIG. 14 is a drawing illustrating the direction used in
the description of the process for generating a cor-
rected second X-ray image.

DESCRIPTION OF EMBODIMENTS

[0027] The X-ray inspection device 10 according to an
embodiment of the present invention is described below
with reference to the drawings. The embodiment de-
scribed below is a specific example of the present inven-
tion and does not limit the technical scope of the present
invention.

(1) General overview

[0028] FIG. 1 is a schematic view of an inspection sys-
tem 100 including the X-ray inspection device 10 accord-
ing to an embodiment of the present invention. FIG. 2 is
a perspective view of the external appearance of the X-
ray inspection device 10 according to an embodiment of
the present invention.
[0029] The X-ray inspection device 10 is incorporated
into a production line for articles P such as a food product.
The X-ray inspection device 10 inspects the quality of
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the article P by emitting X-rays to the article P, which is
continuously conveyed. In particular, as quality inspec-
tion, the X-ray inspection device 10 inspects whether the
article P is contaminated with foreign matter.
[0030] In the inspection system 100, the article P is
conveyed by a pre-stage conveyor 60 to the X-ray in-
spection device 10 (see FIG. 1). In the X-ray inspection
device 10, a foreign matter inspection is carried out for
the article P, and the articles P are divided into defective
and non-defective products. The results of the foreign
matter inspection by the X-ray inspection device 10 are
transmitted to a sorting mechanism 70 disposed on the
downstream side of the X-ray inspection device 10 (FIG.
1). The sorting mechanism 70 sends the articles P de-
termined to be non-defective in the X-ray inspection de-
vice 10 to a line conveyor 80 (FIG. 1). Also, the sorting
mechanism 70 sends the articles P determined to be de-
fective in the X-ray inspection device 10 to defective-
product-holding conveyors 90, 91 (FIG. 1).

(2) Detailed description

[0031] The X-ray inspection device 10 is mainly pro-
vided with a shield box 11 (see FIG. 2), a conveyor unit
12 (see FIG. 3), an X-ray emitter 13 (see FIG. 3), a first
line sensor 14 (see FIG. 3), a second line sensor 15 (see
FIG. 3), a touch panel display 30 (see FIG. 1), and a
controller 20 (FIG. 5).

(2-1) Shield box

[0032] The shield box 11 (see FIG. 2) is a casing of
the X-ray inspection device 10. The conveyor unit 12, the
X-ray emitter 13, the first line sensor 14, the second line
sensor 15, and the controller 20 are accommodated in
the shield box 11. The touch panel display 30, a key in-
sertion opening, a power switch, and the like are disposed
in the upper front part of the shield box 11.
[0033] Openings 11 a for conveying articles P in and
out of the shield box are formed in the side surfaces of
the shield box 11 on the upstream side and downstream
side in the conveying direction D (see FIG. 3) of the con-
veyor unit 12 (FIG. 2). The opening 11 a is closed by a
shield curtain 19 for minimizing X-ray leakage to the ex-
terior of the shield box 11 (FIG. 2). The shield curtain 19
is made of tungsten-containing rubber. The shield curtain
19 is pushed away by an article P or a sample S (de-
scribed hereunder) conveyed by the conveyor unit 12
when the article P or article S is conveyed into the shield
box 11 or when the article P or sample S is conveyed out
from the shield box 11.

(2-2) Conveyor unit

[0034] The conveyor unit 12 is an example of convey-
ing means for conveying an article P. The conveyor unit
12 is disposed so as to pass through the openings 11 a
formed in the both side surfaces of the shield box 11, as

shown in FIG. 2.
[0035] The conveyor unit 12 mainly has an inverter-
type conveyor motor 12a (see FIG. 5), an encoder 12b
(see FIG. 5), conveyor rollers 12c (see FIG. 3), and an
endless belt 12d (see FIG. 3). The encoder 12b is mount-
ed on the conveyor motor 12a. The conveyor rollers 12c
are driven by the conveyor motor 12a. The conveyor roll-
ers 12c are driven to rotate the belt 12d and convey the
article P on the belt 12d downstream (toward the sorting
mechanism 70 side). The later-described controller 20
finely controls the conveyor motor 12a with inverter con-
trol so that the conveying speed of the conveyor unit 12
matches a set speed inputted by an operator to the touch
panel display 30. The encoder 12b detects the speed of
the conveyor motor 12a and transmits the detection re-
sults to the controller 20.

(2-3) X-ray emitter

[0036] The X-ray emitter 13 is an example of an X-ray
source. The X-ray emitter 13 emits X-rays toward an ar-
ticle P conveyed by the conveyor unit 12. The X-ray emit-
ter 13 is disposed above the conveyor unit 12, as shown
in FIG. 3. The X-ray emitter 13 emits X-rays in a fan-
shaped emission range Y toward the first line sensor 14
and the second line sensor 15 disposed below the con-
veyor unit 12. The emission range Y of the X-ray emitter
13 extends vertically with respect to the conveying sur-
face of the conveyor unit 12, as shown in FIG. 3. Also,
the emission range Y widens in the direction orthogonal
to the conveying direction D of the conveyor unit 12 (width
direction of the belt 12d).

(2-4) Line sensors

[0037] The first line sensor 14 and the second line sen-
sor 15 detect X-rays emitted from the X-ray emitter 13
and transmitted through the article P and the belt 12d.
The first line sensor 14 and the second line sensor 15
are sensors for detecting X-rays in mutually different en-
ergy bands (wavelength). The first line sensor 14 detects
X-rays in a low-energy band (relatively long wavelength).
The second line sensor 15 detects X-rays in a high-en-
ergy band (relatively short wavelength), which is different
from the energy band detected by the first line sensor 14.
[0038] The first line sensor 14 and the second line sen-
sor 15 are vertically arranged, as shown in FIG. 3. The
second line sensor 15 is disposed below the first line
sensor 14. Among the X-rays emitted by the X-ray emitter
13, those in the low-energy band are detected by the first
line sensor 14. Among the X-rays that have passed
through the first line sensor 14, those in a middle energy
band (X-rays in an energy band between the above-not-
ed high energy band and low energy band) are removed
by a filter (not shown) disposed between the first line
sensor 14 and the second line sensor 15. X-rays in the
high energy band transmitted through the filter are de-
tected by the second line sensor 15.

7 8 
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[0039] The first line sensor 14 mainly includes numer-
ous X-ray detection elements 14a (see 3). The second
line sensor 15 mainly includes numerous X-ray detection
elements 15a (see FIG. 3). The first line sensor 14 and
second line sensor 15 are installed in a designed prede-
termined position, whereby the X-ray detection elements
14a, 15a are designed so as to be installed horizontally
on a straight line in an orientation orthogonal to the con-
veying direction D of the conveyor unit 12. However, the
first line sensor 14 and the second line sensor 15 may
be installed in a position displaced in the horizontal di-
rection and/or the vertical direction from a predetermined
position in assembly. As a result, the orientation in which
the X-ray detection elements 14a, 15a line up may not
be horizontal or may be tilted from the orientation orthog-
onal to the conveying direction D of the conveyor unit 12.
Also, the X-ray detection elements 14a, 15a may be dis-
placed in the conveying direction D of the article P, the
direction orthogonal to the conveying direction D, or the
vertical direction (up-down direction) as a result of the
first line sensor 14 and the second line sensor 15 being
installed so as to be displaced from a predetermined po-
sition originally intended for installation, even when the
X-ray detection elements 14a, 15a are lined up in an ori-
entation orthogonal to the conveying direction D and hor-
izontally on a straight line.
[0040] The first and second line sensors 14, 15 detect
the amount of X-rays (amount of transmitted X-rays) that
have passed through the article P and the belt 12d for X-
rays in the energy bands to be detected thereby, respec-
tively, and output X-ray transmission signals that are
based on the amount of transmitted X-rays. In other
words, the first and second line sensors 14, 15 output X-
ray transmission signals that correspond to the intensity
of the transmitted X-rays. The intensity of the transmitted
X-rays depends on the amount of transmitted X-rays. The
brightness (luminance) of the image generated by a first
X-ray image generation unit 22a of the later-described
controller 20 is determined based on the X-ray transmis-
sion signals outputted by the first line sensor 14. The
brightness (luminance) of the image generated by a sec-
ond X-ray image generation unit 22b of the later-de-
scribed controller 20 is determined based on the X-ray
transmission signals outputted by the second line sensor
15.
[0041] FIG. 4 is a graph showing an example of the
amount of transmitted X-rays (detection amount) detect-
ed by the X-ray detection elements 14a of the first line
sensor 14 and X-ray detection elements 15a of the sec-
ond line sensor 15. Having two line sensors 14, 15 for
different X-ray energy bands to be detected makes it pos-
sible to obtain a graph (solid line G1) of the detection
results of the first line sensor 14 and a graph (broken line
G2) of the detection results of the second line sensor 15
(FIG. 4). The horizontal axis of the graph of FIG. 4 cor-
responds to the positions of the X-ray detection elements
14a, 15a. In other words, the horizontal axis of the graph
corresponds to the distance in the direction orthogonal

to the conveying direction D of the conveyor unit 12 (width
direction of the belt 12d). The vertical axis of the graph
indicates the amount of transmitted X-rays (detection
amount) detected by the X-ray detection elements 14a,
15a.
[0042] In the transmitted images (first X-ray image and
second X-ray image) generated by the first X-ray image
generation unit 22a and the second X-ray image gener-
ation unit 22b, the locations having a high amount of
transmitted X-rays appear bright, and the locations hav-
ing a low amount of transmitted X-rays appear dark. In
other words, the lightness and darkness (luminance) of
the transmitted images generated by the first X-ray image
generation unit 22a and the second X-ray image gener-
ation unit 22b correspond to the amount of transmitted
X-rays.
[0043] Here, the first line sensor 14 also functions as
a sensor for detecting the timing at which the article P
passes through the emission range Y of the X-rays (see
FIG. 3). Specifically, when the article P conveyed by the
conveyor unit 12 has arrived at the position (emission
range Y) above the first line sensor 14, any of the X-ray
detection elements 14a of the first line sensor 14 outputs
an X-ray transmission signal (first signal) indicating a volt-
age that is equal to or less than a predetermined thresh-
old value. Also, when the article P has finished passing
through the emission range Y, all of the X-ray detection
elements 14a of the first line sensor 14 output an X-ray
transmission signal (second signal) indicating voltage
above the predetermined threshold value. The first and
second signals are inputted to the later-described con-
troller 20, whereby the presence of an article P in the
emission range Y is detected.

(2-5) Touch panel display

[0044] The touch panel display 30 is a liquid crystal
display having a touch panel function. The touch panel
display 30 is electrically connected to the controller 20
and exchanges signals with the controller 20.
[0045] The touch panel display 30 functions as a dis-
play unit and an input unit. For example, the touch panel
display 30 displays the X-ray image, the results of in-
spection for foreign matter, etc. Also, the touch panel
display 30 receives a variety of settings and information
inputted by the operator.

(2-6) Controller

[0046] The controller 20 controls the operation of each
part of the X-ray inspection device 10. The controller 20
carries out foreign matter inspection based on the detec-
tion results of the amount of transmitted X-rays by the
first and second line sensors 14, 15.
[0047] The controller 20 mainly includes a central
processing unit (CPU), read-only memory (ROM), ran-
dom access memory (RAM), a hard disk drive (HDD),
and the like.

9 10 
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[0048] The controller 20 has a storage unit 21 and a
control unit 22, as shown in FIG. 5. The controller 20 also
has a display control circuit, a key input circuit, a com-
munication port, and the like (not shown). The display
control circuit controls the data display of the touch panel
display 30. The key input circuit takes in key input data
inputted by the operator via the touch panel of the touch
panel display 30. The communication port can be con-
nected to a printer, the sorting mechanism 70 or other
external device, or a LAN or other network.
[0049] The controller 20 is electrically connected to the
conveyor motor 12a, the encoder 12b, the X-ray emitter
13, the first line sensor 14, the second line sensor 15,
and the touch panel display 30 (see FIG. 5). The control-
ler 20 acquires data related to the speed of the conveyor
motor 12a from the encoder 12b, and ascertains the
movement distance and movement speed of the article
P based on these data.

(2-6-1) Storage unit

[0050] The storage unit 21 mainly includes a ROM,
RAM, HDD, and the like, and stores various programs to
be executed by the control unit 22, various settings for
controlling each part of the X-ray inspection device 10,
and various information. The storage unit 21 includes a
luminance-adjustment-formula storage area 21 a and a
correction parameter storage area 21 b, as shown in FIG.
5.

(2-6-1-1) The luminance-adjustment-formula storage ar-
ea

[0051] The luminance-adjustment-formula storage ar-
ea 21 a stores a luminance adjustment formula. The lu-
minance adjustment formula is information used by a de-
termination unit 22e of the later-described control unit 22
to adjust the luminance of the pixels of the later-described
second X-ray images or corrected second X-ray images.
The luminance adjustment formula is created so that
there is a match between the luminance of pixels of a
later-described first X-ray image and a later-described
corrected second X-ray image (or second X-ray image)
after an adjustment for luminance, for the pixels being
obtained based on the X-rays that have passed through
the same location of the article P, in a case when X-rays
that have passed through an article P having no foreign
matter are detected by the first line sensor 14 and the
second line sensor 15, and the first X-ray image and the
corrected second X-ray image (or the second X-ray im-
age) are generated based on the detection results, and
the corrected second X-ray image (or the second X-ray
image) is adjusted for luminance using the luminance
adjustment formula. The luminance adjustment formulas
are stored in advance in the luminance-adjustment-for-
mula storage area 21 a e.g., for each type of article P.
However, no limitation is imposed thereby; for example,
the luminance adjustment formula may be inputted from

the touch panel display 30. For example, the luminance
adjustment formula may be generated by the control unit
22 by obtaining the first X-ray image and the corrected
second X-ray image (or second X-ray image) for articles
P known to be devoid of foreign matter during test oper-
ation or the like.

(2-6-1-2) Correction parameter storage area

[0052] The correction parameter storage area 21 b
stores a corrected parameter calculated by a calculation
unit 22cb of a later-described correction parameter gen-
eration unit 22c. The corrected parameter is used by a
later-described corrected-image generation unit 22d to
generate a corrected second X-ray image by correcting
a second X-ray image of the article P obtained based on
the detection results of the second line sensor 15.

(2-6-2) Control unit

[0053] The control unit 22 mainly includes a CPU, and
executes programs stored in the storage unit 21 to there-
by control the operation of each part of the X-ray inspec-
tion device 10. The control unit 22 also executes pro-
grams stored in the storage unit 21 to thereby carry out
foreign matter inspection based on the detection results
of the amount of transmitted X-rays by the first line sensor
14 and second line sensor 15.
[0054] The control unit 22 mainly has the first X-ray
image generation unit 22a, the second X-ray image gen-
eration unit 22b, the correction parameter generation unit
22c, the corrected-image generation unit 22d, and a de-
termination unit 22e as function units (FIG. 5).

(2-6-2-1) First X-ray image generation unit

[0055] The first X-ray image generation unit 22a gen-
erates a first X-ray image (a low-energy X-ray image) as
a transmission image based on the amount of transmitted
X-rays of the X-rays in a low-energy band detected by
the first line sensor 14.
[0056] Specifically, the first X-ray image generation
unit 22a acquires, in short time intervals, X-ray transmis-
sion signals that correspond to the intensity of X-rays that
have passed through the article P or the like being out-
putted from the respective X-ray detection elements 14a
of the first line sensor 14, and generates the first X-ray
image based on the acquired X-ray transmission signals.
In particular, the first X-ray image generation unit 22a
generates the first X-ray image based on the X-ray trans-
mission signals outputted from the respective X-ray de-
tection elements 14a when the article P passes through
the emission range Y of X-rays (see FIG. 3). The first X-
ray image generation unit 22a chronologically connects
together the short-time-interval data related to the inten-
sity of the X-rays obtained from the respective X-ray de-
tection elements 14a in the form of a matrix. The pres-
ence of an article P in the X-ray emission range Y is
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determined by a signal outputted by the first line sensor
14 as described above.
[0057] In the first X-ray image generated by the first X-
ray image generation unit 22a, locations where a high
amount of transmitted X-rays is detected by the X-ray
detection elements 14a appear bright (pale, high lumi-
nance), and the locations where a low amount of trans-
mitted X-rays is detected by the X-ray detection elements
14a appear dark (deep, low luminance). The first X-ray
image has, e.g., 256 gradations.

(2-6-2-2) Second X-ray image generation unit

[0058] The second X-ray image generation unit 22b
generates a second X-ray image (a high-energy X-ray
image) as a transmission image based on the amount of
transmitted X-rays of the X-rays in a high-energy band
detected by the second line sensor 15.
[0059] The second X-ray image generation unit 22b is
different from the first X-ray image generation unit 22a
in terms of generating an X-ray image based on the X-
ray transmission signals outputted from the respective
X-ray detection elements 15a of the second line sensor
15.
[0060] The second X-ray image generation unit 22b is
different from the first X-ray image generation unit 22a
in terms that the second X-ray image generation unit 22b
generates a second X-ray image by making an X-ray
image based on the X-ray transmission signals outputted
from the X-ray detection elements 15a and then reducing
the X-ray image by a predetermined factor. The second
X-ray image generation unit 22b carries out such
processing for the following reasons.
[0061] A process for obtaining a differential image be-
tween the first X-ray image and the second X-ray image
(including the corrected second X-ray image obtained by
correcting the second X-ray image) is carried out in the
later-described determination unit 22e. Accordingly, the
sizes of the first X-ray image and the second X-ray image
are preferably harmonized. The second line sensor 15
is installed below the first line sensor 14 in the X-ray in-
spection device 10. Also, X-rays are emitted from the X-
ray emitter 13 in a fan-shaped emission range Y in the
X-ray inspection device 10. For this reason, an X-ray im-
age obtained using the detection results of the second
line sensor 15, which detects X-rays below the first line
sensor 14, becomes larger than the first X-ray image.
Therefore, the second X-ray image generation unit 22b
carries out a process in which the X-ray image generated
based on the X-ray transmission signals outputted from
the X-ray detection elements 15a is reduced by the pre-
determined factor calculated based on the designed pre-
determined mounting positions for the first line sensor 14
and the second line sensor 15.
[0062] The process executed by the second X-ray im-
age generation unit 22b to reduce the X-ray image by
the predetermined factor is carried out on the premise
that the first line sensor 14 and the second line sensor

15 are disposed in the predetermined designed position.
Correction of the second X-ray image (generation of the
corrected second X-ray image), which is carried out as
a countermeasure for when the line sensors 14, 15 are
mounted displaced from predetermined positions, is de-
scribed later.

(2-6-2-3) Correction parameter generation unit

[0063] The correction parameter generation unit 22c
detects positional displacement of the second line sensor
15 with respect to the first line sensor 14 in horizontal
and vertical direction and generates a correction param-
eter to be used by the corrected-image generation unit
22d to generate a corrected second X-ray image in ac-
cordance with the positional displacement of the second
line sensor 15. The corrected second X-ray image is an
image obtained by performing a correction process to
the second X-ray image so that the pixels of the first X-
ray image based on the X-rays that have passed through
a certain portion of the article P are superimposed on the
pixels of the X-ray image based on the X-rays that have
passed through the same portion of the article P in order
for the later-described determination unit 22e to execute
difference processing between the first X-ray image and
the second X-ray image.
[0064] The correction parameter generation unit 22c
has a detection unit 22ca and a calculation unit 22cb as
sub-function units.
[0065] The detection unit 22ca detects positional dis-
placement of the second line sensor 15 with respect to
the first line sensor 14 in horizontal and vertical direction.
[0066] The calculation unit 22cb calculates the correc-
tion parameter to be used by the corrected-image gen-
eration unit 22d to generate the corrected second X-ray
image when positional displacement of the second line
sensor 15 with respect to the first line sensor 14 is de-
tected by the detection unit 22ca.
[0067] The process executed by the detection unit
22ca and the calculation unit 22cb is later described.

(2-6-2-4) Corrected-image generation unit

[0068] The corrected-image generation unit 22d gen-
erates, based on the detection results of the detection
unit 22ca, a corrected second X-ray image by correcting
the second X-ray image of an article P obtained based
on the detection results of the second line sensor 15.
Specifically, when the detection unit 22ca detects posi-
tional displacement of the second line sensor 15 with
respect to the first line sensor 14, the corrected-image
generation unit 22d generates the corrected second X-
ray image, which is obtained by correcting the second X-
ray image of the article P, using a correction parameter
stored in the correction parameter storage area 21 b.
[0069] The process for generating the corrected sec-
ond X-ray image by the corrected-image generation unit
22d is later described.
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(2-6-2-5) Determination unit

[0070] The determination unit 22e determines whether
an article P is contaminated with foreign matter based
on the first X-ray image generated by the first X-ray image
generation unit 22a, and the second X-ray image gener-
ated by the second X-ray image generation unit 22b or
the corrected second X-ray image generated by the cor-
rected-image generation unit 22d.
[0071] Specifically, the determination unit 22e deter-
mines whether an article P is contaminated with foreign
matter in the following manner.
[0072] The determination unit 22e carries out a proc-
ess in the following manner using the second X-ray image
when a corrected second X-ray image is not generated,
and using the corrected second X-ray image when the
corrected second X-ray image is generated. An example
in which the determination unit 22e uses the corrected
second X-ray image is explained below. When the de-
termination unit 22e uses the second X-ray image, the
corrected second X-ray image described below can be
read as the second X-ray image.
[0073] First, the determination unit 22e carries out a
process to adjust the luminance of the corrected second
X-ray image using the luminance adjustment formula
stored in the luminance-adjustment-formula storage area
21 a. Next, the determination unit 22e generates a dif-
ferential image based on the difference in luminance of
respective pixels in the first X-ray image and the lumi-
nance-adjusted corrected second X-ray image. As de-
scribed above, the luminance adjustment formula is de-
termined so that there is a match between the luminance
of the pixel of the first X-ray image and the luminance of
the pixel of the luminance-adjusted corrected second X-
ray image which are obtained based on the X-rays that
have passed through the same location of the article P
in a case when the first X-ray image and the corrected
second X-ray image are generated based on the X-rays
that have passed through an article P that is not contam-
inated with foreign matter and the luminance of the cor-
rected second X-ray image is adjusted using the lumi-
nance adjustment formula. For this reason, if the article
P is not contaminated with foreign matter, the value of
each of the pixels of the first X-ray image and the value
of the corresponding pixel of the luminance-adjusted cor-
rected second X-ray image substantially match each oth-
er. On the other hand, when the article P is contaminated
with foreign matter, there will be a difference between
the value of each of the pixels of the first X-ray image
and the value of the corresponding pixel of the luminance-
adjusted corrected second X-ray image due to the differ-
ence in characteristics between the foreign matter and
the article P. Using this principle, the determination unit
22e determines whether the article P is contaminated or
not with foreign matter based on the differential image.
The determination results (results of foreign matter in-
spection) produced by the determination unit 22e are out-
putted to the touch panel display 30. The determination

results produced by the determination unit 22e are also
transmitted to the sorting mechanism 70.

(3) Process executed by the controller

[0074] The process executed by the controller 20 will
be described particularly in relation to the process carried
out by the correction parameter generation unit 22c and
the process carried out by the corrected-image genera-
tion unit 22d.

(3-1) Process carried out by the correction parameter 
generation unit

[0075] The process carried out by the correction pa-
rameter generation unit 22c will be described.
[0076] The process carried out by the correction pa-
rameter generation unit 22c is executed at the time of,
e.g., installation or test operation of the X-ray inspection
device 10, and the correction parameter generation unit
22c detects, in advance, positional displacement of the
second line sensor 15 with respect to the first line sensor
14. The correction parameter generation unit 22c exe-
cutes the process when a command for generating the
correction parameter (a command for detecting position-
al displacement of the second line sensor 15 with respect
to the first line sensor 14) is inputted to the touch panel
display 30 by an operator, for example, in the installation
of the X-ray inspection device 10.
[0077] When the correction parameter is to be calcu-
lated, a sample S is conveyed by the conveyor unit 12 in
place of the article P. The sample S has a known shape.
For example, the sample S is formed in a rectangular
shape as viewed from above and is a flat sheet of fixed
thickness (see FIG. 6). X-rays are emitted from the X-ray
emitter 13 to the sample S conveyed by the conveyor
unit 12. The correction parameter generation unit 22c
detects positional displacement of the second line sensor
15 with respect to the first line sensor 14 based on the
detection result of the first line sensor 14 and the second
line sensor 15 of X-rays that have passed through the
sample S. More specifically, the correction parameter
generation unit 22c detects displacement of the second
line sensor 15 with respect to the first line sensor 14
based on the first X-ray image generated on the basis of
the amount of transmitted X-rays in a low-energy band
detected by the first line sensor 14 and the second X-ray
image generated on the basis of the amount of transmit-
ted X-rays in a high-energy band detected by the second
line sensor 15. The correction parameter generation unit
22c generates a correction parameter to be used by the
corrected-image generation unit 22d to generate a cor-
rected second X-ray image in accordance with positional
displacement when positional displacement of the sec-
ond line sensor 15 with respect to the first line sensor 14
is detected.
[0078] It will be explained in detail below how the de-
tection unit 22ca and the calculation unit 22cb of the cor-
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rection parameter generation unit 22c carry out the proc-
ess.
[0079] In the following explanation, a first image C1
and a second image C2 (see FIGS. 7 to 12) are used in
the detection of positional displacement of the second
line sensor 15 with respect to the first line sensor 14 and
in the generation of a correction parameter. The first im-
age C1 is an image binarized using a predetermined
threshold value so that the first X-ray image of the sample
S is broken down into pixels representing the sample S
and pixels representing a background portion. The area
in which the pixels representing the sample S are present
in the first image C1 shall be referred to as first area A1
(see FIGS. 7 to 12).
[0080] The second image C2 is an image binarized
using a predetermined threshold value so that the second
X-ray image of the sample S is broken down into pixels
representing the sample S and pixels representing a
background portion. The area in which the pixels repre-
senting the sample S are present in the second image
C2 shall be referred to as second area A2 (see FIGS. 7
to 12).
[0081] FIGS. 7 to 12 are examples of drawings depict-
ing the first image C1 and the second image C2 created
for the sample S in a superimposing manner. In FIGS. 7
to 12, the first image C1 and the second image C2 are
disposed so that the first area A1 and the second area
A2 exactly overlaps each other when there is no posi-
tional displacement of the second line sensor 15 with
respect to the first line sensor 14. In FIGS. 7 to 12, the
two-dot-chain line represents the edges of the first image
C1 and the second image C2, the area surrounded by a
solid line represents the first area A1, and the area sur-
rounded by a broken line represents the second area A2.
[0082] The direction D’ in FIGS. 7 to 12 corresponds
to the direction in which the sample S is conveyed (con-
veying direction D of the conveyor unit 12). Below, to
describe the direction in the first image C1 and the second
image C2, the direction for which the direction D’ heads
shall be referred to as forward, the direction which op-
poses the direction D’ shall be referred to as rearward,
the right side when facing the direction D’ shall be referred
to as rightward, and the left side when facing the direction
D’ shall be referred to as leftward (see FIGS. 7 to 12).
[0083] As an example, a case in which the first line
sensor 14 is installed in a predetermined designed posi-
tion will be explained here. Also, here, a case in which a
rectangular sample S is placed on the belt 12d in an ori-
entation in which the long sides extend along the con-
veying direction D of the conveyor unit 12 will be ex-
plained as an example. However, no limitation is imposed
thereby; the sample S may be placed on the belt 12d in
any orientation.
[0084] The detection unit 22ca detects positional dis-
placement of the second line sensor with respect to the
first line sensor 14 in the horizontal and vertical directions
regarding the following six patterns (a) to (f). The calcu-
lation unit 22cb calculates the correction parameter when

the detection unit 22ca detects positional displacement
of the second line sensor 15.

(a) Positional displacement in the vertical direction

[0085] Detection of positional displacement (displace-
ment in the direction of arrow a in FIG. 13A) of the second
line sensor 15 with respect to the first line sensor 14 in
the vertical direction (up-down direction) by the detection
unit 22ca, and calculation of the correction parameter by
the calculation unit 22cb when such a positional displace-
ment of the second line sensor 15 is detected will be
described in reference to FIG. 7.
[0086] The detection unit 22ca detects that the second
line sensor 15 is displaced with respect to the first line
sensor 14 in the vertical direction when the sizes of the
first area A1 and the second area A2 are different. Spe-
cifically, the detection unit 22ca detects that the second
line sensor 15 is displaced with respect to the first line
sensor 14 in the vertical direction when the value of the
ratio of the length L21 of the left end of the second area
A2 with respect to the length L11 of the left end of the
first area A1 and the value of the ratio of the length L22
of the back end of the second area A2 with respect to
the length L12 of the back end of the first area A1 (see
FIG. 7) are the same value but not 1. Here, the end parts
of the first area A1 and the second area A2 are ascer-
tained by, e.g., executing an edge detection processing
to the first area A1 and the second area A2.
[0087] The calculation unit 22cb calculates as a scaling
factor K an amount by which the second area A2 should
be enlarged or reduced to match the size of the first area
A1 when the detection unit 22ca has detected positional
displacement of the second line sensor 15 with respect
to the first line sensor 14 in the vertical direction. Specif-
ically, the calculation unit 22cb calculates a value ob-
tained by dividing the above-noted L11 by L21 as the
scaling factor K (see FIG. 7). The calculated scaling factor
K is stored in the correction parameter storage area 21
b as a correction parameter.

(b) Horizontal-direction tilt

[0088] Detection of horizontal-direction tilt (rotational
positional displacement in horizontal direction) of the sec-
ond line sensor 15 with respect to the first line sensor 14
by the detection unit 22ca, and calculation of the correc-
tion parameter by the calculation unit 22cb when such a
positional displacement of the second line sensor 15 is
detected will be described in reference to FIG. 8. Hori-
zontal-direction tilt of the second line sensor 15 with re-
spect to the first line sensor 14 means rotational displace-
ment in the direction of arrow b in FIG. 13C.
[0089] The detection unit 22ca detects horizontal-di-
rection tilt of the second line sensor 15 with respect to
the first line sensor 14 based on the tilt of the second
area A2 with respect to first area A1. Specifically, the
detection unit 22ca detects horizontal-direction tilt of the
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second line sensor 15 with respect to the first line sensor
14 based on the tilt of the line H21 of the left end of the
second area A2 with respect to the line H11 of the left
end of the first area A1. In this example, the line H11 of
the left end of the first area A1 extends parallel to the
direction D’ as shown in FIG. 8. The detection unit 22ca
therefore determines whether the line H21 of the left end
of the second area A2 is parallel to the direction D’, and,
when the line H21 and the direction D’ are not parallel,
detects the horizontal-direction tilt of the second line sen-
sor 15 with respect to the first line sensor 14.
[0090] The calculation unit 22cb calculates an angle
of the tilt of the second area A2 with respect to the first
area A1 when the detection unit 22ca has detected the
horizontal-direction tilt of the second line sensor 15 with
respect to the first line sensor 14. Specifically, the calcu-
lation unit 22cb calculates, for example, an angle θ of the
line H21 of the left end of the second area A2 with respect
to the direction D’, as the correction parameter (see FIG.
8). In this example, the angle θ is expressed as a positive
value when the line H21 of the left end of the second area
A2 is tilted in the counter-clockwise direction with respect
to the direction D’, and the angle θ is expressed as a
negative value when the line H21 of the left end of the
second area A2 is tilted in the clockwise direction with
respect to the direction D’. The calculated angle θ is
stored in the correction parameter storage area 21 b as
a correction parameter.

(c) Positional displacement in the conveying direction

[0091] Detection of positional displacement of the sec-
ond line sensor 15 with respect to the first line sensor 14
to the upstream side or the downstream side of the con-
veying direction D (displacement in the direction of arrow
c in FIG. 13A) by the detection unit 22ca, and calculation
of the correction parameter by the calculation unit 22cb
when such a positional displacement of the second line
sensor 15 is detected will be described in reference to
FIG. 9.
[0092] The detection unit 22ca detects the positional
displacement of the second line sensor 15 with respect
to the first line sensor 14 to the upstream side or down-
stream side in the conveying direction D based on the
displacement of the second area A2 with respect to the
first area A1 in the front-back direction. Specifically, the
detection unit 22ca detects the positional displacement
of the second line sensor 15 with respect to the first line
sensor 14 to the upstream side or downstream side of
the conveying direction D when the position of the line
H22 of the back end of the second area A2 does not
match the position of the line H12 of the back end of the
first area A1 (see FIG. 9).
[0093] The calculation unit 22cb calculates a magni-
tude of the positional displacement of the second area
A2 with respect to the first area A1 when the detection
unit 22ca has detected positional displacement of the
second line sensor 15 with respect to the first line sensor

14 to the upstream side or the downstream side of the
conveying direction D. Specifically, the calculation unit
22cb calculates, e.g., the distance B1 between the posi-
tion of the line H12 of the back end of the first area A1
and the position of the line H22 of the back end of the
second area A2 (see FIG. 9). The calculation unit 22cb
expresses the value of the distance B1 as a positive value
when the line H22 of the back end of the second area A2
is displaced forward with respect to the line H12 of the
back end of the first area A1, and expresses the value
of the distance B1 as a negative value when the line H22
is displaced rearward with respect to the line H12. The
calculated distance B1 is stored in the correction param-
eter storage area 21 b as a correction parameter.

(d) Positional displacement in the direction orthogonal to 
the conveying direction

[0094] Detection of positional displacement of the sec-
ond line sensor 15 with respect to the first line sensor 14
in the direction orthogonal to the conveying direction D
as viewed from above (displacement in the direction of
arrow d in FIG. 13B) by the detection unit 22ca, and cal-
culation of the correction parameter by the calculation
unit 22cb when such a positional displacement of the
second line sensor 15 is detected will be described in
reference to FIG. 10.
[0095] The detection unit 22ca detects displacement
of the second line sensor 15 with respect to the first line
sensor 14 in the direction orthogonal to the conveying
direction D as viewed from above based on the displace-
ment of the second area A2 with respect to the first area
A1 in the right-left direction. Specifically, the detection
unit 22ca detects positional displacement of the second
line sensor 15 with respect to the first line sensor 14 in
the direction orthogonal to the conveying direction D as
viewed from above when the position of the line H11 of
the left end of the first area A1 and the position of the line
H21 at the left end of the second area A2 do not match
each other (see FIG. 10).
[0096] The calculation unit 22cb calculates a magni-
tude of the positional displacement of the second area
A2 with respect to the first area A1 when the detection
unit 22ca has detected positional displacement of the
second line sensor 15 with respect to the first line sensor
14 in the direction orthogonal to the conveying direction
D. Specifically, the calculation unit 22cb calculates, e.g.,
the distance B2 between the position of the line H11 of
the left end of the first area A1 and the position of the line
H21 of the left end of the second area A2. The calculation
unit 22cb expresses the value of the distance B2 as a
positive value when the line H21 of the left end of the
second area A2 is displaced leftward with respect to the
line H11 of the left end of the first area A1, and expresses
the value of the distance B2 as a negative value when
the line H21 is displaced rightward with respect to the
line H11. The calculated distance B2 is stored in the cor-
rection parameter storage area 21 b as a correction pa-
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rameter.

(e) Vertical-direction tilt along the conveying direction

[0097] Detection of vertical-direction tilt (rotational po-
sitional displacement in vertical direction) of the second
line sensor 15 with respect to the first line sensor 14 along
the conveying direction D by the detection unit 22ca, and
calculation of the correction parameter by the calculation
unit 22cb when such a positional displacement of the
second line sensor 15 is detected will be described with
reference to FIG. 11. Vertical-direction tilt of the second
line sensor 15 with respect to the first line sensor 14 along
the conveying direction D means rotational displacement
in the direction of arrow e in FIG. 13A.
[0098] The detection unit 22ca detects vertical-direc-
tion tilt of the second line sensor 15 with respect to the
first line sensor 14 along the conveying direction D based
on the enlargement/reduction of the second area A2 with
respect to the first area A1 in the direction D’. Specifically,
the detection unit 22ca detects vertical-direction tilt of the
second line sensor 15 along the conveying direction D
with respect to the first line sensor 14 when the value of
the ratio of the length L21 of the left end of the second
area A2 with respect to the length L11 of the left end of
the first area A1 and the value of the ratio of the length
L22 of the back end of the second area A2 with respect
to the length L12 of the back end of the first area A1 are
not the same (see FIG. 11).
[0099] The calculation unit 22cb determines a scaling
factor M in the front-back direction of the second image
C2 when the detection unit 22ca has detected the verti-
cal-direction tilt of the second line sensor 15 with respect
to the first line sensor 14 along the conveying direction
D. Specifically, the calculation unit 22cb calculates a val-
ue of the ratio (L11/L21) of the length L11 of the left end
of the first area A1 and the length L21 of the left end of
the second area A2 (see FIG. 11) as the scaling factor
M. The calculated scaling factor M is stored in the cor-
rection parameter storage area 21 b as a correction pa-
rameter.

(f) Vertical-direction tilt along the direction orthogonal to 
the conveying direction

[0100] Detection of vertical-direction tilt (rotational po-
sitional displacement in vertical direction) of the second
line sensor 15 with respect to the first line sensor 14 along
the direction orthogonal to the conveying direction D by
the detection unit 22ca, and calculation of the correction
parameter by the calculation unit 22cb when such a po-
sitional displacement of the second line sensor 15 is de-
tected will be described with reference to FIG. 12. Verti-
cal-direction tilt of the second line sensor 15 with respect
to the first line sensor 14 along the direction orthogonal
to the conveying direction D means rotational displace-
ment in the direction of arrow f in FIG. 13B.
[0101] The detection unit 22ca detects vertical-direc-

tion tilt of the second line sensor 15 with respect to the
first line sensor 14 along the direction orthogonal to con-
veying direction D based on the state of enlargement/re-
duction of the second area A2 with respect to first area
A1 along the direction orthogonal to the direction D’. Spe-
cifically, the detection unit 22ca compares the value of
the ratio of the length L11 of the left end of the first area
A1 with respect to the length L21 of the left end of the
second area A2 and the value of the ratio of the length
L13 of the right end of the first area A1 with respect to
the length L23 of the right end of the second area A2,
and when these values are not the same, the detection
unit 22ca detects vertical-direction tilt of the second line
sensor 15 with respect to the first line sensor 14 along
the direction orthogonal to the conveying direction D (see
FIG. 12).
[0102] The calculation unit 22cb determines a scaling
factor N1 of the left end of the second image C2 in the
front-back direction and a scaling factor N2 of the right
end of the second image C2 in the front-back direction
when the detection unit 22ca has detected vertical-direc-
tion tilt of the second line sensor 15 with respect to the
first line sensor 14 along the direction orthogonal to the
conveying direction D. The calculation unit 22cb first cal-
culates the value of the ratio of the length L11 of the left
end of the first area A1 with respect to the length L21 of
the left end of the second area A2 (=L11/L21) and the
value of the ratio of the length L13 of the right end of the
first area A1 with respect to the length L23 of the right
end of the second area A2 (=L13/L23) (FIG. 12). Based
on these values of the ratio and information regarding
the positions of the left and right ends of the second area
A2 in the second image C2, the calculation unit 22cb
calculates the scaling factor N1 of the left end of the sec-
ond image C2 and the scaling factor N2 of the right end
of the second image C2, so that the value of L11/L21 and
the value of L13/L23 match. In other words, the calcula-
tion unit 22cb calculates the scaling factors N1, N2 so
that the two values of the ratio (L11/L21 and L13/L23)
match in a case partial scaling factors of the second im-
age C2 in the front-back direction are determined so as
to continuously change from the scaling factor N1 to the
scaling factor N2 from the left end to the right end along
the right-left direction, and when these partial scaling fac-
tors are to be applied. The scaling factor N1 and scaling
factor N2 are determined so that the center portion of the
second image C2 in the right-left direction is neither en-
larged nor reduced. The calculation unit 22cb also deter-
mines a scaling factor N3 of the second image C2 in the
right-left direction when the detection unit 22ca has de-
tected vertical-direction tilt of the second line sensor 15
with respect to the first line sensor 14 along the direction
orthogonal to the conveying direction D. Specifically, the
calculation unit 22cb calculates as the scaling factor N3
(= L15/L25) a value of the ratio of the distance L15 be-
tween the line H11 of the left end and the line H13 of the
right end of the first area A1 with respect to the distance
L25 between the line H21 of the left end and the line H23
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of the right end of the second area A2 (see FIG. 11). The
calculated scaling factor N1, scaling factor N2, and scal-
ing factor N3 are stored in the correction parameter stor-
age area 21 b as correction parameters.

(3-2) Process for generating the corrected second X-ray 
image

[0103] The process with which corrected-image gen-
eration unit 22d generates the corrected second X-ray
image is described below. Here, the directions shown in
FIG. 14 will be used in the following description. In the
second X-ray image E shown in FIG. 14, the direction
D" corresponds to the direction in which the article P is
conveyed (conveying direction D of the conveyor unit 12).
The directions in the second X-ray image E shall be re-
ferred to below as follows: the direction for which the
direction D" heads shall be referred to as forward, the
direction opposing the direction D" shall be referred to
as rearward, the right side when facing the direction D"
shall be referred to as rightward, and the left side when
facing the direction D" shall be referred to as leftward
(see FIG. 14).
[0104] The corrected-image generation unit 22d gen-
erates the corrected second X-ray image, in which the
second X-ray image E of the article P has been corrected,
based on the detection results of the detection unit 22ca
of the correction parameter generation unit 22c. Specif-
ically, when the detection unit 22ca detects positional
displacement of the second line sensor 15 with respect
to the first line sensor 14 and the correction parameter
has been calculated by the calculation unit 22cb, the cor-
rected-image generation unit 22d generates the correct-
ed second X-ray image by correcting the second X-ray
image E of the article P using the calculated correction
parameter (stored in the correction parameter storage
area 21 b).
[0105] More specifically, the corrected-image genera-
tion unit 22d generates the corrected second X-ray image
as in (a) to (f) below using the correction parameters
stored in the correction parameter storage area 21 b.

(a) When positional displacement in the vertical direction 
has been detected

[0106] The corrected-image generation unit 22d gen-
erates the corrected second X-ray image by enlarging or
reducing the second X-ray image E using the scaling
factor K stored in the correction parameter storage area
21 b.

(b) When horizontal-direction tilt has been detected

[0107] The corrected-image generation unit 22d gen-
erates the corrected second X-ray image by rotating the
second X-ray image E in the clockwise direction by an
angle θ (by rotation in the counter-clockwise direction
when the angle θ is a negative value) stored in the cor-

rection parameter storage area 21 b.

(c) When positional displacement to the upstream side 
or downstream side in the conveying direction has been 
detected

[0108] The corrected-image generation unit 22d gen-
erates the corrected second X-ray image by moving the
second X-ray image E rearward by a distance B1 stored
in the correction parameter storage area 21 b (and by
moving the second X-ray image forward when the dis-
tance B1 is a negative value) (see FIG. 14). In other
words, the corrected-image generation unit 22d gener-
ates the corrected second X-ray image by moving the
second X-ray image E to the upstream side or down-
stream side in the direction D", which corresponds to the
upstream side or downstream side in the conveying di-
rection D, by the distance B1 stored in the correction
parameter storage area 21 b (see FIG. 14).

(d) When positional displacement in the direction orthog-
onal to the conveying direction has been detected

[0109] The corrected-image generation unit 22d gen-
erates the corrected second X-ray image by moving the
second X-ray image E rightward by a distance B2 stored
in the correction parameter storage area 21 b (and left-
ward when the distance B2 is a negative value) (see FIG.
14). In other words, the corrected-image generation unit
22d generates the corrected second X-ray image by mov-
ing the second X-ray image E in the direction orthogonal
to the direction D", which corresponds to the direction
orthogonal to the conveying direction D, by the distance
B2 stored in the correction parameter storage area 21 b
(see FIG. 14).

(e) When vertical-direction tilt along the conveying direc-
tion has been detected

[0110] The corrected-image generation unit 22d gen-
erates the corrected second X-ray image by enlarging/re-
ducing the second X-ray image E by a scaling factor M
in the front-back direction based on the scaling factor M
stored in the correction parameter storage area 21 b. In
other words, the corrected-image generation unit 22d
generates the corrected second X-ray image by enlarg-
ing or reducing the second X-ray image E in the direction
D", which corresponds to the tilt direction (conveying di-
rection D) of the second line sensor 15 (see FIG. 14).

(f) The case in which vertical-direction tilt along the di-
rection orthogonal to the conveying direction has been 
detected

[0111] The corrected-image generation unit 22d en-
larges/reduces the left end of the second X-ray image E
by the scaling factor N1 in the front back direction and
reduces/enlarges the right end of the second X-ray image
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E in the front back direction by the scaling factor N2 based
on the scaling factor N1 and scaling factor N2 stored in
the correction parameter storage area 21 b. The correct-
ed-image generation unit 22d enlarges/reduces the in-
termediate portions of the second X-ray image between
the left and right ends with a scaling factor determined
so as to continuously change from the scaling factor N1
to the scaling factor N2 from the left end to the right end
of the second X-ray image. The corrected-image gener-
ation unit 22d generates the corrected second X-ray im-
age by further enlarging/reducing the second X-ray im-
age, which is enlarged/reduced in the front back direc-
tion, in right and left direction by the scaling factor N3
based on the scaling factor N3 stored in the correction
parameter storage area 21 b. In other words, the correct-
ed-image generation unit 22d generates the corrected
second X-ray image by enlarging the second X-ray image
on one end side in the direction which is orthogonal to
the direction D" and corresponds to the tilt direction (the
direction orthogonal to the conveying direction D) of the
second line sensor 15, and reducing on the other end
side (see FIG. 14). Also, the corrected-image generation
unit 22d generates the corrected second X-ray image by
enlarging or reducing the second X-ray image in the di-
rection which is orthogonal to the direction D" and corre-
sponds to the tilt direction (the direction orthogonal to the
conveying direction D) of the second line sensor 15 (see
FIG. 14).

(4) Characteristics

(4-1)

[0112] The X-ray inspection device 10 according to the
embodiment described above is provided with the con-
veyor unit 12 as a conveying means, the X-ray emitter
13 as an X-ray source, the first line sensor 14, the second
line sensor 15, the detection unit 22ca, and the corrected-
image generation unit 22d. The conveyor unit 12 conveys
an article P. The X-ray emitter 13 emits X-rays to the
article P conveyed by the conveyor unit 12. The first line
sensor 14 detects X-rays that have passed through the
article P in a low-energy band. The second line sensor
15 detects X-rays that have passed through the article P
in a high-energy band which is different from the low-
energy band. The detection unit 22ca detects positional
displacement of the second line sensor 15 with respect
to the first line sensor 14 in the horizontal direction and
the vertical direction. The corrected-image generation
unit 22d generates, based on the detection results of the
detection unit 22ca, a corrected second X-ray image by
correcting the second X-ray image of the article P ob-
tained based on the detection results of the second line
sensor 15.
[0113] In this configuration, positional displacement of
the second line sensor 15 with respect to the first line
sensor 14 in the horizontal and vertical direction is de-
tected, and the second X-ray image obtained from the

detection results of the second line sensor 15 is corrected
based on the displacement. For this reason, accurate
inspection results can be obtained even when displace-
ment is occurred in the mounting position of the line sen-
sors 14, 15. In other words, a highly reliable X-ray in-
spection device 10 being capable of obtaining accurate
inspection results is realized regardless of the displace-
ment of the mounting position of the second line sensor
15 with respect to the first line sensor 14.

(4-2)

[0114] In the X-ray inspection device 10 according to
the embodiment described above, the second line sensor
15 is arranged below the first line sensor 14. A high-
energy band as the second energy band is higher than
the low-energy band as the first energy band in energy.
[0115] In this configuration, because the first line sen-
sor 14 is arranged above the second line sensor 15, ar-
ticles (obstacles) through which the X-rays from the X-
ray emitter 13 pass before reaching the first line sensor
14 is fewer than articles through which the X-rays from
the X-ray emitter 13 pass before reaching the second
line sensor 15. For this reason, the first X-ray image is a
clearer image than the second X-ray image. In this case,
because the first X-ray image, which is clearer than the
second X-ray image, is used as a reference, positional
displacement of the second line sensor 15 with respect
to the first line sensor 14 can be readily and accurately
obtained.

(4-3)

[0116] In the X-ray inspection device 10 according to
the embodiment described above, the detection unit 22ca
detects positional displacement of the second line sensor
15 with respect to the first line sensor 14 in advance
based on the detection result of the first line sensor 14
and the second line sensor 15 of the X-rays which have
been emitted from the X-ray emitter 13 to the sample S
having a known shape, which is conveyed by the con-
veyor unit 12, and have passed through the sample S.
[0117] In this configuration, the positional displace-
ment of the second line sensor 15 with respect to the first
line sensor 14 can be more accurately detected using an
X-ray image of a sample S having a known shape.

(4-4)

[0118] In the X-ray inspection device 10 according to
the embodiment described above, the detection unit 22ca
detects the horizontal-direction tilt of the second line sen-
sor 15 with respect to the first line sensor 14. The cor-
rected-image generation unit 22d generates the correct-
ed second X-ray image by rotating the second X-ray im-
age.
[0119] In this configuration, a corrected second X-ray
image can be generated by correcting the second X-ray
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image with image processing and accurate inspection
results thereby can be obtained, even when horizontal-
direction tilt (rotational displacement of the position in the
horizontal direction) of the second line sensor 15 with
respect to the first line sensor 14 is occurred.

(4-5)

[0120] In the X-ray inspection device 10 according to
the embodiment described above, the detection unit 22ca
detects displacement of the second line sensor 15 with
respect to the first line sensor 14 to the upstream side or
downstream side in the conveying direction D of the con-
veyor unit 12. The corrected-image generation unit 22d
generates the corrected second X-ray image by moving
the second X-ray image in the direction that corresponds
to the upstream side or the downstream side of the con-
veying direction D (the upstream side or downstream side
in the direction D").
[0121] In this configuration, a corrected second X-ray
image can be generated by correcting the second X-ray
image with image processing, and accurate inspection
results thereby can be obtained, even when displace-
ment of the second line sensor 15 with respect to the first
line sensor 14 is occurred to the upstream side or down-
stream side in the conveying direction D.

(4-6)

[0122] In the X-ray inspection device 10 according to
the embodiment described above, the detection unit 22ca
detects displacement of the second line sensor 15 with
respect to the first line sensor 14 in the direction orthog-
onal to the conveying direction D of the conveyor unit 12
as viewed from above. The corrected-image generation
unit 22d generates the corrected second X-ray image by
moving the second X-ray image in the direction that cor-
responds to the direction orthogonal to the conveying
direction D (the direction orthogonal to the direction D").
[0123] In this configuration, a corrected second X-ray
image can be generated by correcting the second X-ray
image with image processing and accurate inspection
results thereby can be obtained, even when displace-
ment of the second line sensor 15 with respect to the first
line sensor 14 is occurred in the direction orthogonal to
the conveying direction D.

(4-7)

[0124] In the X-ray inspection device 10 according to
the embodiment described above, the detection unit 22ca
detects the vertical-direction tilt of the second line sensor
15 with respect to the first line sensor 14. The corrected-
image generation unit 22d generates the corrected sec-
ond X-ray image by enlarging the second X-ray image
at one end side and reducing the second X-ray image at
the other end side in the direction that corresponds to
the tilt direction of the second line sensor 15 (in the di-

rection orthogonal to the direction D").
[0125] In this configuration, a corrected second X-ray
image can be generated by correcting the second X-ray
image with image processing and accurate inspection
results thereby can be obtained, even when the second
line sensor 15 is tilted with respect to the first line sensor
14 in the vertical direction.

(4-8)

[0126] In the X-ray inspection device 10 according to
the embodiment described above, the detection unit 22ca
detects the vertical-direction tilt of the second line sensor
15 with respect to the first line sensor 14. The corrected-
image generation unit 22d generates the corrected sec-
ond X-ray image by enlarging or reducing the second X-
ray image in the direction that corresponds to the tilt di-
rection of the second line sensor 15 (in the direction D" or
the direction orthogonal to the direction D").
[0127] In this configuration, a corrected second X-ray
image can be generated by correcting the second X-ray
image with image processing and accurate inspection
results thereby can be obtained, even when the second
line sensor 15 is tilted with respect to the first line sensor
14 in the vertical direction.

(4-9)

[0128] In the X-ray inspection device 10 according to
the embodiment described above, the detection unit 22ca
detects displacement of the second line sensor 15 with
respect to the first line sensor 14 in the vertical direction.
The corrected-image generation unit 22d generates the
corrected second X-ray image by enlarging or reducing
the second X-ray image.
[0129] In this configuration, a corrected second X-ray
image can be generated by correcting the second X-ray
image with image processing and accurate inspection
results thereby can be obtained, even when the second
line sensor 15 is displaced in the vertical direction with
respect to the first line sensor 14.

(5) Modifications

[0130] Modifications of the above-described embodi-
ment are described below. The following modifications
may be combined with other modifications as long as the
modifications do not contradict one another.

(5-1) Modification A

[0131] A case in which the second line sensor 15 has
the positional displacement of any of the patterns (a) to
(f) described in (3-1) with respect to the first line sensor
14 is described in the above-described embodiment, but
no limitation is imposed thereby. The detection unit 22ca
is capable of detecting compound positional displace-
ment of the second line sensor 15 with respect to the first
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line sensor 14 (a plurality of combination of the patterns
(a) to (f)) by combining detection of the positional dis-
placement of patterns (a) to (f). Also, the corrected-image
generation unit 22d is capable of generating a corrected
second X-ray image in accordance with compound po-
sitional displacement of the second line sensor 15 with
respect to the first line sensor 14 by performing generat-
ing processes of a corrected second X-ray image of the
patterns (a) to (f) described in (3-2) together in combina-
tion.

(5-2) Modification B

[0132] In the embodiment described above, the detec-
tion unit 22ca detects the six types of positional displace-
ment of the second line sensor 15 of patterns (a) to (f)
described in (3-1), with respect to the first line sensor 14,
but no limitation is imposed thereby. For example, when
it is known that a certain type of positional displacement
is unlikely to occur, the detection unit 22ca may be con-
figured to detect only a portion of the positional displace-
ment among the patterns (a) to (f).

(5-3) Modification C

[0133] In the embodiment described above, the first
line sensor 14 and second line sensor 15 are disposed
vertically in a line, but no limitation is imposed thereby.
The X-ray inspection device may have the first line sensor
and second line sensor disposed in horizontal positions
lined up in the conveying direction D of the conveyor unit
12.
[0134] In this case, the second X-ray image generation
unit 22b is not required to execute a process in which the
X-ray image generated based on the X-ray transmission
signals outputted from the X-ray detection elements 15a
is reduced by a predetermined factor.

(5-4) Modification D

[0135] In the embodiment described above, the detec-
tion unit 22ca detects positional displacement of the sec-
ond line sensor 15 with respect to the first line sensor 14,
and the corrected-image generation unit 22d generates
a corrected second X-ray image in which the second X-
ray image is corrected, but no limitation is imposed there-
by. A configuration may be adopted in which the detection
unit 22ca detects positional displacement of the first line
sensor 14 with respect to the second line sensor 15, and
the corrected-image generation unit 22d generates a cor-
rected first X-ray image in which the first X-ray image is
corrected.
[0136] Because the second line sensor 15 is disposed
below the first line sensor 14, it is difficult to obtain a
second X-ray image that is clearer than the first X-ray
image. In view of this fact, the same configuration as the
embodiment described above may be used for the de-
tection unit 22ca even when positional displacement of

the first line sensor 14 with respect to the second line
sensor 15 is to be detected. When the positional displace-
ment of the second line sensor 15 with respect to the first
line sensor 14 is detected, it is possible to detect posi-
tional displacement of the first line sensor 14 with respect
to the second line sensor 15 simultaneously.

(5-5) Modification E

[0137] In the embodiment described above, a flat sheet
having rectangular shape as viewed from above is used
as the sample S, but the shape of the sample S is not
limited thereto. The shape of the sample S may be trian-
gular, ellipsoidal, or other shape as viewed from above.
[0138] However, using a rectangular sample S that has
sides of differing lengths and the sides intersect at right
angles allows positional displacement of the second line
sensor 15 with respect to the first line sensor 14 to be
detected with particularly good precision.

(5-6) Modification F

[0139] In the embodiment described above, positional
displacement of the second line sensor 15 with respect
to the first line sensor 14 is detected in advance using
the sample S, but no limitation is imposed thereby. For
example, positional displacement of the second line sen-
sor 15 with respect to the first line sensor 14 may be
detected using an article P, which is an article to be in-
spected. However, the positional displacement of the
second line sensor 15 is preferably detected in advance
using a sample S when the article P has a circular shape,
a complex shape, or other shape as viewed from above
that is not a shape suitable for detection of positional
displacement of the second line sensor 15.

(5-7) Modification G

[0140] In the embodiment described above, the X-ray
inspection device 10 inspects the article P for foreign
matter, but the type of inspection is not limited to foreign
matter inspection; also possible are various inspections
using the corrected second X-ray image.

(5-8) Modification H

[0141] The method by which positional displacement
of the second line sensor 15 is detected by the detection
unit 22ca and the method by which the correction param-
eter is calculated by the calculation unit 22cb as de-
scribed in the embodiments above are examples, which
are not provided by way of limitation. The detection unit
22ca may be configured so as to detect that there is po-
sitional displacement of the second line sensor 15 with
respect to the first line sensor 14 when the first area A1
and the second area A2 do not overlap, and the calcu-
lation unit 22cb may be configured so as to calculate the
correction parameter so that the second area A2 exactly
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overlaps the first area A1.

(5-9) Modification I

[0142] In the embodiment described above, it is as-
sumed in the description of the process of the detection
unit 22ca that the first line sensor 14 is installed in a de-
signed position, but the same process may be executed
even when the first line sensor 14 is displaced from the
designed position. In other words, a configuration may
be adopted such that, the detection unit 22ca detects that
there is positional displacement of the second line sensor
15 with respect to the first line sensor 14 when the first
area A1 and the second area A2 do not overlap, and such
that the calculation unit 22cb calculates the correction
parameter so that the second area A2 exactly overlaps
the first area A1.

INDUSTRIAL APPLICABILITY

[0143] The X-ray inspection device of the present in-
vention is useful as an X-ray inspection device having
high reliability capable of obtaining accurate inspection
results even when there is displacement of the mounting
position of the two line sensors.

REFERENCE SIGNS LIST

[0144]

10 X-ray inspection device
12 Conveyor unit (conveying means)
13 X-ray emitter (X-ray source)
14 First line sensor
15 Second line sensor
22ca Detection unit
22d Corrected-image generation unit
D Conveying direction
P Article
S Sample
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Claims

1. An X-ray inspection device comprising:

a conveying means configured to convey an ar-
ticle;
an X-ray source configured to emit X-rays to the
article conveyed by the conveying means;
a first line sensor configured to detect, in a first

energy band, X-rays that have passed through
the article;
a second line sensor configured to detect, in a
second energy band being different from the first
energy band, X-rays that have passed through
the article;
a detection unit configured to detect positional
displacement of the second line sensor with re-
spect to the first line sensor in at least one di-
rection of horizontal direction and vertical direc-
tion; and
a corrected-image generation unit configured to
generate, based on the detection result of the
detection unit, a corrected second X-ray image
by correcting a second X-ray image of the article
obtained based on the detection results of the
second line sensor.

2. The X-ray inspection device according to claim 1,
wherein

the second line sensor is arranged below the
first line sensor, and the second energy band is
higher than the first energy band in energy.

3. The X-ray inspection device according to claim 1 or
2, wherein

the detection unit is configured to detect posi-
tional displacement of the second line sensor
with respect to the first line sensor in advance
based on the detection results of the X-rays by
the first line sensor and the second line sensor,
the X-rays having been emitted from the X-ray
source to a sample having a known shape,
which is conveyed by the conveying means, and
having passed through the sample.

4. The X-ray inspection device according to any of
claims 1 to 3, wherein

the detection unit is configured to detect the hor-
izontal-direction tilt of the second line sensor
with respect to the first line sensor, and
the corrected-image generation unit is config-
ured to generate the corrected second X-ray im-
age by rotating the second X-ray image.

5. The X-ray inspection device according to any of
claims 1 to 3, wherein

the detection unit is configured to detect dis-
placement of the second line sensor with respect
to the first line sensor to an upstream side or a
downstream side in the conveying direction of
the conveying means, and
the corrected-image generation unit is config-
ured to generate the corrected second X-ray im-
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age by moving the second X-ray image in a di-
rection that corresponds to the upstream side or
the downstream side in the conveying direction.

6. The X-ray inspection device according to any of
claims 1 to 3, wherein

the detection unit is configured to detect dis-
placement of the second line sensor with respect
to the first line sensor in a direction orthogonal
to the conveying direction of the conveying
means as viewed from above, and
the corrected-image generation unit is config-
ured to generate the corrected second X-ray im-
age by moving the second X-ray image in a di-
rection that corresponds to the direction orthog-
onal to the conveying direction.

7. The X-ray inspection device according to any of
claims 1 to 3, wherein

the detection unit is configured to detect the ver-
tical-direction tilt of the second line sensor with
respect to the first line sensor, and
the corrected-image generation unit is config-
ured to generate the corrected second X-ray im-
age by enlarging the second X-ray image at one
end side and reducing the second X-ray image
at the other end side in a direction that corre-
sponds to the tilt direction of the second line sen-
sor.

8. The X-ray inspection device according to any of
claims 1 to 3, wherein

the detection unit is configured to detect the ver-
tical-direction tilt of the second line sensor with
respect to the first line sensor, and
the corrected-image generation unit is config-
ured to generate the corrected second X-ray im-
age by enlarging or reducing the second X-ray
image in a direction that corresponds to the tilt
direction of the second line sensor.

9. The X-ray inspection device according to any of
claims 1 to 3, wherein

the detection unit is configured to detect vertical-
direction displacement of the second line sensor
with respect to the first line sensor, and
the corrected-image generation unit is config-
ured to generate the corrected second X-ray im-
age by enlarging or reducing the second X-ray
image.
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